The fertility and viability of spermatozoa stored by male and female Gould's wattled bats, Chalinolobus 
Introduction
Hibernating, insectivorous bats from temperate latitudes have a number of reproductive peculiarities (Wimsatt, 1960) . In these bats, hibernation impinges upon the reproductive period and as a result, the events begun in late summer are not completed until the following spring (Oxberry, 1979) . This hiatus involves either a period of prolonged sperm storage, in conjunction with delayed ovulation and fertilization, delayed implantation of the early fetus (Oxberry, 1979) or embryonic diapause (Richardson, 1977) . Each of these modes of reproduction allows mating and parturition to be optimally timed, independently (Sandell, 1990) , but sperm storage may have the added advantage of allowing selection to occur after mating via sperm competition (Birkhead and Moller, 1993) .
Seasonally delayed fertilization is found in most vespertilionid and rhinolophid bats that hibernate (Oxberry, 1979) . Matings typically occur before hibernation, although mating during and after hibernation can occur and spermatozoa are stored by both male and female bats (Racey 1979 (Racey 1973 Fenton, 1984) .
A number of Australian bats are known to store spermato¬ zoa. These include Chalinolobus gouldii (Kitchener, 1975) , C. morio (Kitchener and Costa, 1981) , Mormopterus planiceps (Krutzsch and Crichton, 1987) , Nyctophilus gouldi (Phillips and Inwards, 1985) , Vespadelus regulus (Kitchener and Halse, 1978; Tidemann, 1993) and V. vulturnus and V. darlingtoni (Tidemann, 1993 (Hall and Richards, 1979; Reardon and Flavel, 1987) .
Studies by Kitchener (1975) (Kitchener, 1975) . C. gouldii is reported to enter torpor in the cooler parts of its range (Dixon, 1983) (Tuttle and Stevenson, 1982) (Kitchener, 1975 (Humason, 1979 (Paz et al, 1990 (Fig. 1) (Fig. 2) and histological examinations (I. Schlawe, unpublished data) indicate that this is 6-7 months after peak spermatogenesis and that testes are at, or near, their minimum size. The cauda epididymides of both males con¬ tained live spermatozoa. The proportion of motile spermatozoa varied between individuals and samples, and the male that was killed in September had a higher mean proportion of motile spermatozoa. Counts were performed on four slides that contained spermatozoa. The percentages of motile spermato¬ zoa for the first male were 77%, 87%, 80% and 73%, mean 79%.
In the second male, the percentages were 63%, 56%, 54% and 63%, mean 59%. The results of the hypo-osmotic swell test are similar, in that the male killed in September had the highest percentage of spermatozoa that displayed some swelling, with the spermatozoa often buckling midway down the tail (Fig. 3) . The mean percentage of spermatozoa that displayed swelling for the male killed in September was 62.6%, while the male killed in October had slightly fewer at 60.2%.
Discussion
The results presented here indicate that storage of fertile spermatozoa is possible in female C. gouldii as female no. 58 clearly stored spermatozoa for at least 33 days; this is at the lower end of confirmed periods of storage of fertile spermato¬ zoa by female bats, as storage periods of up to 198 days have been recorded (Racey, 1979) . Unfortunately insufficient blood was obtained from the only other female to become pregnant to determine whether her pregnancy involved sperm storage or early ovulation. It is possible that the steady supply of food in captivity leads to premature ovulation (Racey, 1982) and the large embryos this bat contained when compared with Kitchener's (1975) study suggests that this may be the case.
Alternatively, the rate of development may have been increased since captivity is reported to maximize the ability of bats to thermoregulate (McNab, 1989 (Oxberry, 1979) . The increases in plasma progesterone concentrations found in late winter are in agreement with Kitchener's (1975) Kitchener (1975) reported that corpora lutea decrease in size towards the end of pregnancy, and decreases in plasma progesterone concentrations during mid-to late pregnancy have been noted in other bats (Oxberry, 1979; Racey and Swift, 1981) . As stated, female no. 58 gave birth on 11 November, which is 1-2 weeks early when compared with Kitchener's (1975) Kitchener's (1975) description of invasion of the corpus luteum by connective tissue during early lactation and its complete disappearance by December.
Overall, the peak plasma progesterone concentrations reported in the present study are low when compared with some studies (for example, Burns and Easley, 1977; Oxberry, 1979; Buchanan and YoungLai, 1986 (Weiske and Maleika, 1987) . However, sperm viability and mobility equate with fertility in humans (Mortimer and Taylor, 1990) . This is because fertility is always correlated with sperm quality (Paz et al, 1990) , and motility and viability, as indicated by the hypo-osmotic swelling test, are two indicators of sperm quality (Mortimer and Taylor, 1990) . In humans, when more than 60% of spermatozoa show morphological changes under hypo-osmotic conditions, the donor is considered fertile (Weiske and Maleika, 1987) , and when more than 50% of spermatozoa show motility, donors are considered fertile (Mortimer and Taylor, 1990) . Spermatozoa from the male bats examined in this study exceeded these values in both parameters. Racey (1973) Racey (1973) and may reflect the difficulties in breeding captive insectivorous bats (Racey, 1973) . Alterna¬ tively, it may explain why male bats store spermatozoa. It is interesting to note that in Racey's (1973) 
